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SPECIFICATION 



SINGLE LAYER CAPACITOR 
Cross-Reference to Related Applications 

[0001] This application is related to copending and commonly owned application Serial 
Nos. 10/188,696 filed July 2, 2002 and 10/694,125 filed October 27, 2003, the 
disclosures of which are incorporated herein by reference in their entirety as if 
completely set forth herein below. 

Field of the Invention 

[0002] This invention relates to single layer capacitors, and in particular, surface 
mountable single layer capacitors, printed circuit boards including the single layer 
capacitor mounted thereon, and methods of making the capacitors and the printed circuit 
boards. 

Background of the Invention 

[0003] The "parallel plate" or "single layer" ceramic capacitor has a very useful form 
factor for assembly into microwave frequency and similar electrical circuits. These 
circuits may be laid out on printed circuit (pc) boards, or be present on integrated 



circuits (ICs) within chip carriers and other packages where space is typically even more 
precious. The dimensions of the ceramic capacitor can be matched to the width of a 
strip line on the pc board or the chip carrier holding an IC. 

[0004] In assembly, the bottom face of the ceramic chip capacitor is typically soldered 
to or conductive epoxy attached to the surface of the pc board substrate. The top face of 
the ceramic capacitor normally presents one or more electrically conductive pads that 
are typically ribbon- or wire-bonded to another circuit connection point. 

[0005] Most ceramic chip capacitors currently offered are made by metallizing two 
faces of a thin sheet of sintered ceramic that is typically in the range of 4 mils to 10 mils 
thick. The metallized ceramic sheet is then cut to size by sawing or abrasive cutting 
techniques. Typical sizes of the chip capacitors range from 10 mils square to 50 mils 
(0.01 to 0.05 inches) square, although some applications use rectangular forms. 

[0006] While the form factor of these simple devices — used in quantities of hundreds 
of millions per year — is highly desirable, the amount of capacitance that can be 
achieved and quality of the devices realizing maximum capacitance is starting to limit 
their usefulness in certain applications. The simplified equation for the capacitance of a 
parallel plate capacitor, c = KA/d where K is the dielectric constant, A the area of each 
of opposed plates, and d the distance of separation between plates, shows that a 20 mils 
square part (A) of 5 mils thickness (d) made from ceramic with a relative dielectric 
constant of 100 yields a capacitance of 8 picofarads. 

[0007] This five mils thickness — necessitated in order to establish some structural 
strength for the given area size of, for example, 20 mils x 20 mils — means that the 
capacitor does not have much structural strength, and is subject to undesirable fracturing 



or chipping during routine handling and assembly into circuits. Thus, the physical 
resistance to damage of the highest-capacitance "parallel plate" or "single layer" 
ceramic capacitors is inherently poor. The design of single layer capacitors in general is 
a compromise between the use of thicker ceramic layers for greater strength and thinner 
ceramic layers for greater capacitance. 

[0008] In addition to the difficulties in achieving high capacitance while maintaining 
structural strength, due to the small size of the capacitors, they are difficult to attach 
automatically to a pc board. One approach has been to use a flat, horizontal capacitor 
with the metallization on its lower side having a gap. A device of this type is referred to 
as the GAP-CAP™ manufactured by Dielectric Laboratories, Inc. A GAP-CAP™ 
device is shown in FIG. 1, mounted onto a pc board 10 in which metal traces 1 1 and 12 
constitute a transmission line. The flat capacitor 13 is horizontally disposed to bridge 
the gap between the traces 11, 12. The capacitor 13 has a dielectric chip or slice 14 that 
is elongated in the horizontal direction, i.e., is horizontally-oriented, with a metallized 
upper surface 15 and metallized lower surface portions 16a and 16b, which are 
electrically joined to the traces 11 and 12, respectively. However, these devices can 
create unwanted resonances at frequencies above a few gigahertz. In addition, these 
capacitors are quite small, typically about 20-25 mils. At these sizes, the capacitors are 
difficult to handle, and must be installed using a microscope. The capacitor 13 has a 
definite top and bottom, and it is crucial to install them in the proper orientation, to 
avoid shorting the circuit. Thus, mounting of the capacitor is difficult and expensive. 
Also, the additional requirement of attaching metal leads to metallized upper surface 15 
may further contribute to prohibitive manufacturing costs. 

[0009] Another approach has been to use a standing dielectric chip with opposed 
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metallized surfaces, and with metal leads attached to the respective surfaces. A prior art 
standing leaded capacitor 18 is shown in FIG. 2 installed on the traces 1 1, 12 of the pc 
board 10. The capacitor is formed of a vertically-oriented ceramic chip 19 with 
metallized front and back surfaces 20, 21. There are flat metal leads 22, 23 affixed onto 
the metallized surfaces 20, 21 and these are soldered onto the metal traces 11, 12, 
respectively. The capacitor 18 has to be held in place while the leads 22, 23 are 
soldered to their respective places. The leads 22, 23 are fragile, and require extreme 
care in fabrication, shipping, handling and soldering in place to the traces 11, 12. Thus, 
the capacitors 1 8 have to be installed manually under a microscope, and robotized or 
automated circuit fabrication is difficult or impossible to obtain. In addition, the 
standing leaded capacitor 1 8 produces significant signal resonances, especially for 
frequencies above a few gigahertz. 

[0010] It is desirable to provide a single layer capacitor that is surface mountable, 
thereby eliminating the requirement for wire bonding, which may be prohibitively 
expensive, and/or that can utilize a thin dielectric layer without sacrificing structural 
strength. A surface mountable capacitor is described in U.S. Patent No. 6,208,501, 
wherein metal or metal-coated ceramic end blocks are soldered to a vertically-oriented 
dielectric chip sandwiched there between, whereby the end blocks serve as leads for 
attaching to metallic surface traces on the pc board. While the standing axial-leaded 
surface mount capacitor described in that patent is an improvement over the prior 
devices, the end blocks, which are described as 20-25 mils square blocks, must be 
manually assembled with the dielectric chip, which is a slow, intricate and expensive 
process subject to inaccurate alignment of the various components and to joint 
disattachment between the components during shipping and handling. For example, the 



block and/or metallization may pull away from the dielectric layer, causing the capacitor 
to open during use whereupon the capacitance will drop dramatically. In addition, the 
device described in that patent has a 20-25 mils width to match the width of a typical 
printed circuit trace. More specifically, the device is manufactured, for example, with a 
50x20x20 mils size. However, at 40 gigahertz, the required trace width on the pc board 
is 10 mils wide. So at 40 gigahertz, the optimal chip size is 20x10x10 mils. The 
smaller the chip size, the more difficult and expensive it will be to mechanically 
assemble the end blocks to the dielectric chip. Moreover, in practice, only a limited 
range of capacitance values may be produced, thereby limiting the flexibility of the 
product to meet consumer demands. 

[0011] There is thus a need to provide a surface mountable single layer ceramic 
capacitor that may be easily assembled and inexpensively manufactured, and that has 
high capacitance and good structural strength. 

Summary of the Invention 

[0012] The present invention provides a monolithic or essentially monolithic single 
layer capacitor with good structural strength that may be easily and inexpensively 
manufactured, and which may utilize thin ceramic dielectric layers to provide high 
capacitance. To this end, sheets of green-state ceramic dielectric material and 
glass/metal composite material are laminated together, diced into individual chips, and 
fired to sinter the glass and ceramic together. The composite material consists 
essentially of glass and an amount of metal sufficient to render the composite 
conductive whereby the composite may be used for one or both electrodes and for 
mounting the capacitor to the pc board. By the present invention, a capacitor is 
provided having a vertically-oriented ceramic dielectric between conductive composite 
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blocks to provide a surface mountable capacitor that is monolithic or essentially 
monolithic. By the present invention, a hybrid capacitor is also provided having a 
horizontally-oriented ceramic dielectric on a bottom conductive composite block 
mountable to the pc board, and either a second top conductive composite block or a top 
metallization on the ceramic dielectric for wire bonding to the pc board. By virtue of at 
least one conductive composite block mountable to the pc board, a thin ceramic 
dielectric may be used while maintaining high structural integrity for the capacitor. 

[0013] Moreover, by assembling the portions of the capacitor in the green-state, and co- 
firing the assembly, a monolithic or essentially monolithic structure is formed having no 
preformed parts and containing no epoxy, glue, solder, or other attachment means 
within the capacitor body thus further providing high structural integrity for the 
capacitor and simplifying the manufacturing process while allowing for further 
miniaturization of capacitors. The green-state method further provides flexibility that 
allows for a broad range of capacitor values to be obtained as desired by the consumer. 

[0014] The present invention further provides a pc board having a single layer capacitor 
of the present invention mounted directly thereon. In one embodiment, the thin 
dielectric is vertically oriented and both electrodes are mounted directly to a respective 
surface trace. In another embodiment, the thin dielectric is horizontally oriented and 
one electrode is mounted directly to a first surface trace and a second electrode is wire 
bonded to a second surface trace. A method is also provided for making the pc board, 
including mounting the capacitor of the present invention to surface traces. 

Brief Description of the Drawings 

[0015] The accompanying drawings, which are incorporated in and constitute a part of 
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this specification, illustrate embodiments of the invention and, together with a general 
description of the invention given above, and the detailed description given below, serve 
to explain the invention. 

[0016] FIG. 1 is a cross-sectional view of a prior art flat capacitor mounted to a pc 
board. 

[0017] FIG. 2 is a cross-sectional view of a prior art standing leaded capacitor mounted 
to a pc board. 

[0018] FIG. 3 A is a cross-sectional view of an embodiment of a surface mounted 
standing capacitor of the present invention having conductive composite end blocks, 
and a pc board having the capacitor mounted directly thereon. 

[0019] FIG. 3B is a perspective view of the capacitor of FIG. 3 A. 

[0020] FIG. 4A is a cross-sectional view of another embodiment of a surface mountable 
standing capacitor of the present invention having conductive end blocks, a portion of 
which comprise a composite. 

[0021] FIG. 4B is a perspective view of the capacitor of FIG. 4 A. 

[0022] FIG. 5 is a cross-sectional view of an alternative embodiment of the capacitor of 
FIG. 3 A having buried internal electrodes. 

[0023] FIG. 6 is a perspective view of a hybrid flat capacitor having top and bottom 
conductive composite blocks in accordance with the present invention. 

[0024] FIG. 7 is a cross-sectional view of an alternative embodiment of a hybrid flat 
capacitor of the present invention having a bottom conductive composite block and a 
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top metallization, and further depicting the hybrid capacitor mounted to the pc board. 

[0025] FIG. 8 is a cross-sectional view of an alternative embodiment of the capacitor of 
FIG. 7 having a buried internal electrode. 

[0026] FIG. 9 is a flow chart setting forth an exemplary method in accordance with the 
present invention for fabricating the capacitor of FIGS. 3A-3B. 

[0027] FIG. 10 is a perspective view of an assembled array for forming a plurality of the 
capacitors of FIGS. 3A-3B in accordance with the exemplary method set forth in FIG. 9. 

[0028] FIG. 1 1 is a partial view of an alternative array for forming a plurality of the 
capacitors of FIGS. 4A-4B in accordance with the exemplary method set forth in FIG. 9. 

Detailed Description 

[0029] The present invention provides surface mountable single layer capacitors that 
may be easily assembled and inexpensively manufactured. The capacitors of the present 
invention utilize thin ceramic dielectric layers to provide high capacitance without 
sacrificing structural strength. The conductive composite blocks provide the structural 
strength and further serve as the electrodes, which are mountable on the metal surface 
traces on the pc board. 

[0030] The capacitors of the present invention are manufactured starting in the green 
state. In one embodiment of the method of the present invention, a green-state ceramic 
dielectric sheet is placed between a pair of green-state composite metal/glass sheets. 
The metal content in the composite metal/glass sheets is sufficient to cause the 
composite to be conductive. The sheets are then laminated together, the laminate is 
diced into a plurality of individual chips, and the chips are fired to sinter the glass and 
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ceramic materials, thereby forming a thin ceramic dielectric bonded between and 
supported by two composite blocks. Alternatively, the laminate may be first fired to 
sinter the glass and ceramic materials, and then diced into the plurality of individual 
chips. Because the composite blocks are conductive, plating with conductive metal or 
printing metallizations on the capacitor is unnecessary. 

[0031] The two conductive composite blocks function as the capacitor electrodes and 
are mountable on the printed metal traces on a pc board. The capacitor may be mounted 
to provide a standing capacitor or to provide a hybrid flat capacitor, depending on the 
aspect ratios of the various layers. This embodiment eliminates the need to print 
metallizations on the ceramic dielectric layer, or on the exterior surfaces of the 
capacitor. The ceramic dielectric maybe free of buried (internal) electrodes 
(metallizations) or may include one or more buried electrodes electrically connected to 
the conductive composite blocks by metal-filled vias. The resulting capacitor is a 
monolithic or an essentially monolithic structure, meaning that it is a solid or an 
essentially solid structure of materials that are sintered together, thereby eliminating 
boundaries/joints within the structure and the structure contains no epoxy, glue, solder 
or other attachment means between layers. The glass in the composite portions is 
sintered together with the center ceramic dielectric layer to essentially eliminate 
boundaries within the structure, thereby providing structural integrity. To state another 
way, monolithic is generally understood to refer to an object comprised entirely of one 
single piece (although polycrystalline or even heterogeneous) without joints or seams as 
opposed to being built up of preformed units. In the present invention, the only 
assembly occurs in the green state, and the individual capacitors obtained are sintered, 
monolithic or essentially monolithic structures. By "essentially" we refer to the optional 
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presence of internal metallizations or buried electrodes in the ceramic that create a 
partial boundary or seam within the structure, but because the metallizations do not span 
the entire area of the ceramic dielectric layer, the ceramic materials sinter together 
around the metallizations to essentially form a monolithic structure. Thus, by 
monolithic, we refer to the absence of a complete or continuous boundary or seam 
within the specified structure, with no boundary at all being completely monolithic and 
a partial boundary being essentially monolithic. Where the layers sinter together, a bond 
region is formed, where one layer blurs into the other, but no clear boundary remains. 
The capacitors of the present invention are relatively easy to manufacture due to 
assembly occurring before dicing and firing the chips, which further allows for easy and 
accurate alignment of the components. 

[0032] In another embodiment, only one conductive composite sheet is laminated to the 
ceramic dielectric sheet, and a metallization is provided on the opposing surface of the 
ceramic dielectric sheet. After firing the chip, the resulting capacitor may be mounted 
as a hybrid flat capacitor with the composite block on the bottom for bonding directly to 
the surface trace, and the metallization on the top for wire bonding to another surface 
trace. In this embodiment, the thin ceramic dielectric layer is bonded to and structurally 
supported by the bottom conductive composite block, which also functions as an 
electrode. 

[0033] With reference to the drawings, in which like reference numerals are used to 
refer to like parts, FIG. 3 A depicts in cross-sectional view a vertically-oriented, surface 
mounted, single layer capacitor 30 of the present invention. The standing or vertical 
capacitor 30 is provided having a vertically-oriented ceramic dielectric layer 32. 
Conductive metal/glass composite blocks 38, 40 are adjacent respective opposing 
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vertical surfaces 32a, 32b. Due to capacitor 30 being cofired, the boundaries between 
conductive composite blocks 38, 40 and ceramic dielectric layer 32 are essentially 
eliminated or blurred, as indicated in phantom, by sintering together the glass and 
ceramic material, such that capacitor 30 is monolithic, as shown in perspective view in 
FIG. 3B. Thus, rather than a distinct boundary between the ceramic dielectric layer 32 
and conductive composite blocks 38, 40, there is a bond region, indicated by the dashed 
lines, where glass and ceramic are sintered together and so the capacitor shifts from a 
center ceramic region (32) to outer predominantly metal regions (38 and 40). Capacitor 
30 has four-way symmetry such that it may be positioned and soldered robotically 
without regard for orientation. In accordance with a method of the present invention, 
with the dielectric vertically oriented with respect to the pc board 10, conductive 
composite blocks 38, 40 are mounted, for example soldered using solder 44, directly to 
printed metal traces 11, 12 on a pc board 10, thereby providing axial leads for the 
capacitor 30. 

[0034] In the embodiment depicted in FIGS. 3A and 3B, the end blocks 38, 40 comprise 
a composite metal/glass material in which particles of glass are dispersed in a 
conductive metal matrix. The conductive metal may be in the form of a powder or 
flakes, for example, and the glass is advantageously a glass frit. The powder or flakes 
are mixed with the glass frit, and the mixture is formed into a green-state tape or sheet, 
which may subsequently be assembled with the ceramic dielectric layer, diced, and 
hardened by cofiring the structure. The conductive metal is present in an amount 
sufficient to render the composite matrix conductive. In general, the matrix becomes 
conductive when the metal particles start to touch. A 100% glass material is non- 
conductive and 100% metal is conductive. For composites between 100% glass and x% 
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glass/y% metal, the metal content is insufficient to render the composite conductive, but 
for composites between x% glass/y% metal and 100% metal, the metal content is 
sufficient for the metal particles to touch each other, thereby rendering the composite 
conductive. 

[0035] The amount of metal sufficient to render the composite matrix conductive will 
vary depending mainly on the metal particle morphology. For example, y% will 
generally need to be higher for spherical powder metal than for metal flakes. The metal 
portion of the composite material advantageously comprises between about 60% and 
about 98% of the composite, and more advantageously about 88-98%. If the glass 
content is less than about 2%, the content may be insufficient to establish the sintered 
bond that adheres the composite to the ceramic dielectric layer 32, and to control the 
sintering of the composite such that it more closely relates to the sintering of the 
ceramic dielectric layer 32. Where the glass content is concentrated near the interface 
with the ceramic dielectric layer 32, low glass content may be used to establish the 
sintered bond, for example 2-6%. Where the glass frit is dispersed throughout the 
conductive blocks 38, 40, a higher content of glass may be desired to ensure a strong 
bond with the ceramic dielectric layer 32, for example 6-12%. Thus, it may be 
appreciated that the glass content need not be homogeneous throughout the conductive 
blocks 38, 40 so long as the conductive blocks 38, 40 are conductive throughout and 
sufficient glass resides adjacent the interface with the ceramic dielectric layer 32 to fuse 
with the ceramic particles and form a sufficiently strong bond region that will not be 
greatly susceptible to bond detachment. 

[0036] The conductive metal may be Ag, AgN0 3 or AgC0 3 , for example. Alternatively, 
Cu and Ni and alloys thereof may be used, but these metal systems will generally 
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require a reducing atmosphere. Pd 5 Pt, Au and alloys thereof may also be used, but 
these metal systems are generally more expensive than Ag-based systems. The glass 
may be any desired glass composition, advantageously having a softening point between 
about 600-1000°C Advantageously, the ceramic material for dielectric layer 32 is an 
ultra-low firing ceramic, for example, one that fires around 900 °C. An exemplary 
ceramic is a BaTiC>3 based ceramic. The metals generally used for the conductive metal 
portion of the composite generally sinter around 800 °C, such that the ultra-low firing 
ceramic material and glass are compatible with each other and with the metal portion. 
Regardless, the ceramic material and glass must sinter below the melting point of the 
metal. 

[0037] An advantage of the capacitors 30 of the present invention is that the ceramic 
dielectric layer 32 may be made very thin between the structurally supportive 
conductive blocks 38, 40, thereby providing high capacitance for a small chip size that 
is easily manufactured and mounted on the pc board 10. FIG. 3B depicts exemplary 
dimensions for a capacitor 30, with x referring to the horizontal width, y referring to the 
vertical height, and z referring to the depth, relative to a pc board (not shown). The 
dimensions for conductive block 38 maybe expressed as (xj) x (y) x (z), and the 
dimensions for conductive block 40 may be expressed as (x 2 ) x (y) x (z). The 
dimensions of the ceramic dielectric layer 32 may be expressed as (x 3 ) x (y) x (z). The 
dimensions for the overall capacitor 30 may be expressed as (x) x (y) x (z), wherein 
x=xj+X2+X3. To provide the structural support that allows ceramic dielectric layer 32 to 
be made very thin, the conductive blocks 38, 40 advantageously have a horizontal width 
x; 9 x 2 (thickness) at least two times the horizontal widths (thickness) of the ceramic 
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dielectric layer 32. The ceramic dielectric layer 32 is advantageously 10 mils wide or 
less, such thatxj<10, and more advantageously 1-5 mils. 

[0038] By way of example, for square conductive end blocks 38, 40, an exemplary 
capacitor 30 may have conductive blocks 38, 40 of 10x10x10 mils and a ceramic 
dielectric layer 32 of 5x10x10 mils, for a total capacitor 30 dimension of 25x10x10 
mils. Thus, where xj and x 2 are each 10 mils, the capacitor 30 may have dimensions in 
the range of 21x10x10 mils to 25x10x10 mils. Alternatively, conductive blocks 38, 40 
may be rectangular rather than square, for example^ may be half the value of xj 9 x 2 and 
z, such that 10 mils wide end blocks 38, 40 may provide capacitors 30 having 
dimensions in the range of 21x5x10 mils to 25x5x10 mils. For 20 mils square 
conductive blocks 38, 40, ceramic dielectric layer 32 has a width x 3 of 10 mils or less, 
and advantageously less than 7 mils. A capacitor 30 with 20 mils square conductive 
blocks 38, 40 may have overall dimensions in the range of 41x20x20 mils to 50x20x20 
mils, and advantageously 41x20x20 mils to 47x20x20 mils. By way of further example, 
if the height^ of the conductive blocks 38, 40 is cut in half, the capacitor 30 would have 
overall dimensions in the range of 41x10x20 mils to 50x10x20 mils, and 
advantageously 41x10x20 mils to 47x10x20 mils. 

[0039] Referring to the example in the Background, the 20 mils square part (A) of 
5 mils thickness (d) made from ceramic with a relative dielectric constant of 100 yielded 
a capacitance of 8 picofarads, but did not have structural strength and was subject to 
undesirable fracturing or chipping during handling and assembly. The capacitors 30 of 
the present invention having 20 mils square ((y) x (z)) conductive blocks 38, 40 with a 
5 mils dielectric thickness (xj) and a ceramic dielectric constant of 100 also yields a 
capacitance of 8 picofarads, but the capacitor 30 exhibits high structural strength 
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without the undesirable fracturing or chipping. By varying the ceramic dielectric 
thickness or width jcj between 1 and 10 mils, the capacitance may be varied between 4 
and 40 picofarads, and advantageously between 8 and 40 picofarads for the 1-5 mils 
ceramic dielectric width xs. 

[0040] By way of further example, 30 mils square conductive blocks 38, 40 may be 
used, with a ceramic dielectric layer 32 thickness X3 less than 15, and advantageously 
less than 10 mils. A capacitor 30 with 30 mils square conductive blocks 38, 40 will 
have overall dimensions in the range of 61x30x30 mils to 75x30x30 mils, and 
advantageously in the range of 61x30x30 mils to 70x30x30 mils. For a capacitor 30 
having rectangular conductive blocks 38, 40 wherein the height y is cut in half, the 
overall dimensions will be in the range of 61x15x30 mils to 75x15x30 mils, and 
advantageously 61x15x30 mils to 70x15x30 mils. The capacitance for a capacitor 30 
having the 30 mils square conductive blocks 38, 40 will thus be in the range of 6-90 
picofarads, and advantageously 9-90 picofarads when the ceramic dielectric layer 32 is 
1-10 mils thick, assuming a dielectric constant of 100. In the example above for 10 mils 
square conductive blocks 38, 40, the capacitance may vary between 2-10 picofarads. 
Thus, capacitors 30 of the present invention have improved structural strength over 
prior art standing capacitors at the same or higher capacitance. 

[0041] FIG. 4A provides an alternative embodiment in which a capacitor 46 of the 
present invention includes conductive blocks 48, 50 that comprise a glass/metal 
composite portion 52 adjacent each of opposing vertical surfaces 32a, 32b of the 
ceramic dielectric layer 32 and a metal portion 54 adjacent each of opposing surfaces 
52a, 52b of the composite portions 52. The glass in the composite portions 52 sinters 
with the ceramic dielectric layer 32 and the metal in the composite portions 52 forms a 
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metallurgical bond with the metal in the metal portions 54 to create a monolithic 
structure with essentially no distinct boundaries, but rather, bond regions as depicted by 
phantom lines in FIG. 4 A and in perspective view in FIG. 4B. Capacitor 46 is 
considered monolithic due to the absence of preformed parts that require epoxy, glue, 
solder or other attachment means between layers. As with capacitor 30, capacitor 46 
has four-way symmetry such that it may be mounted on a pc board without regard for 
orientation. 

[0042] FIG. 4B further depicts the dimensions for the capacitor 46. The dimensions x h 
x 2 , x 3 ,x,y and z are as described above with reference to capacitor 30 depicted in FIG. 
3B. However, in capacitor 46, conductive blocks 48, 50 each include a composite 
portion 52 of width x Ia , x 2a , respectively, and a metal portion 54 of width x 2b , 
respectively. Thus, X]=xj 0 +x Jb and x 2 =x 2a +X2b- By way of example, the width x Ja , x 2a of 
the composite portions 52 may be in the range of 0.1 mil to 5 mil. Thus, for 10x10x10 
mils conductive blocks 48, 50, composite portions 52 may have dimensions of 
0.1-5x10x10 mils, and metal portions 54 may have dimensions of 5-9.9x10x10 mils. 
The width x }a , x 2a of the composite portions 52 may be varied as desired, with a 
corresponding variation in the width xji» x 2b of the metal portions 54 to provide the 
desired width x l9 x 2 for the conductive blocks 48, 50. Thus, capacitor 46 provides an 
example in which the glass content of the conductive blocks is not homogeneous 
throughout, but rather, is concentrated adjacent the interface with the ceramic dielectric 
layer 32. 

[0043] Another alternative embodiment is provided in FIG. 5, wherein capacitor 60, 
which is similar to capacitor 30, is provided with a ceramic dielectric layer 62 that 
includes buried electrodes. Specifically, a pair of internal metal electrodes 64a, 64b are 
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provided within the ceramic dielectric layer 62, and connected to respective conductive 
composite blocks 38, 40 by a plurality of vias 68. Any number of vias 68 may be used 
providing that at least one via 68 connects each buried electrode 64a, 64b to a respective 
conductive composite block 38, 40. Advantageously, the buried electrodes 64a, 64b and 
vias 68 comprise the same metal as the conductive blocks 38, 40. Use of the buried 
electrodes and vias enables variation of the capacitance of capacitor 60. Although not 
shown, buried electrodes may also be provided in capacitor 46. 

[0044] If desired, the same basic constructions used for capacitors 30, 46 and 60 may be 
used with different aspect ratios to create a horizontally-oriented hybrid flat capacitor 
31, as shown in perspective view in FIG. 6. FIG. 6 depicts a horizontally-disposed 
ceramic dielectric layer 74 between top and bottom conductive composite blocks 71, 72 
containing glass and a conductive metal, wherein bottom conductive block 72 is 
mounted on the pc board 10 (not shown) and the top conductive block 71 is connected 
by wire bonding (not shown). As in previously described embodiments, the conductive 
composite blocks 71, 72 function as electrodes for the hybrid capacitor 3 1 . Hybrid 
refers to the fact that the two electrodes 71, 72 of the capacitor 31 are electrically 
connected to the pc board by two different methods. While the horizontally-oriented 
capacitor 31 requires wire bonding of the top electrode 71, the capacitor 31 still has 
two-way symmetry, allowing for its placement on the pc board 10 with less regard for 
orientation, thereby representing an advantage over prior art wire-bonded capacitors. 
Moreover, due to the presence of the conductive composite blocks 71, 72, the ceramic 
dielectric layer 74 may be made thinner without sacrificing the structural integrity of the 
capacitor 31. 
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[0045] FIG. 6 further depicts the dimensions for the horizontally-oriented hybrid flat 
capacitor 3 1 . The overall dimensions x \ y \ z for capacitor 3 1 may be the same as the 
overall dimensions x 9 y 9 z of capacitor 30, but the aspect ratios for the conductive blocks 
71, 72 differ from that of conductive blocks 38, 40 of capacitor 30. By way of example, 
for a 50x20x20 mils capacitor 31, the conductive blocks 71, 72 have a width x' of 50 
mils and a depth z of 20 mils. The height yj, y2 of conductive blocks 7 1 , 72, 
respectively, are each at least twice the thickness or height of ceramic dielectric layer 
74. Thus, ify ' is 20 mils, then the thickness or height y>j of the ceramic dielectric layer 
74 may be 1-4 mils and the corresponding thicknesses or heights y } , y 2 of the conductive 
blocks 71, 72 may be 8-9.5 mils. Ify' is 30 mils, the thickness or height^ of ceramic 
dielectric layer 74 may be 1-6 mils and the corresponding thicknesses or heights >>;, y 2 of 
conductive blocks 71, 72 may be 12-14.5 mils. Ify ' is 10 mils, then the thickness or 
height^ of the ceramic dielectric layer 74 may be 1-2 mils, and the corresponding 
thicknesses or heights y h y 2 of the conductive blocks 71, 72 maybe 4-4.5 mils. The 
width x' may be any value from 20-75 mils, for example. 

[0046] While exemplary dimensions have been provided for capacitors 30, 31 and 46, 
persons skilled in the art may appreciate that these dimensions may be varied provided 
that the ceramic dielectric thickness, either width or height (i.e., the distance between 
the conductive blocks) is 15 mils or less, and advantageously 10 mils or less, and the 
corresponding thickness dimension (width or height) of the conductive blocks is at least 
twice the ceramic dielectric thickness to provide sufficient structural support to the thin 
ceramic dielectric layer. It is theoretically possible to utilize ceramic dielectric layers 
thinner than 1 mil from a structural standpoint, but if the ceramic dielectric layer is too 
thin, the capacitor will be more susceptible to shorting the circuit. 
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[0047] While FIG. 6 depicts in perspective view a horizontally-disposed ceramic 
dielectric layer 74 between top and bottom conductive composite blocks 71, 72, it may 
be appreciated that the top conductive block 71 may be eliminated and replaced with a 
metallization, for example as shown in FIG 7. FIG. 7 depicts a horizontally-disposed 
hybrid capacitor 70 with a single conductive composite block 72 mounted directly on 
surface trace 12 on the pc board 10. Conductive composite block 72 functions as an 
electrode. The ceramic dielectric layer 74 is oriented horizontally with respect to the pc 
board 10 and is disposed on top of the conductive block 72, which provides structural 
integrity to the capacitor 70. Advantageously, the thickness (height) of the conductive 
composite block 72 is at least two times the thickness of the ceramic dielectric layer 74 
to provide that structural support. Ceramic dielectric layer 74 has a top metallization 76 
thereon to function as a second electrode. A metal lead 78 electrically connects top 
metallization 76 to surface trace 1 1 on the pc board 1 0. 

[0048] Capacitor 82 in FIG. 8 is similar to capacitor 70 in FIG. 7, but further includes a 
buried or internal metal electrode 84 within the ceramic dielectric layer 74, electrically 
connected to the top metallization 76 by a plurality of vias 86. In the hybrid capacitor 
embodiments of FIGS. 6-8, while wire bonding is still required to make the electrical 
connection to the top metallization 76, the composite block 72 provides structural 
support thereby enabling a thinner ceramic dielectric layer 74 and thus a high 
capacitance. 

[0049] Thus, in any capacitor of the present invention, whether the ceramic dielectric is 
vertically or horizontally oriented, the thickness of the dielectric is measured in a 
direction perpendicular to the bond region(s), which is (are) formed by co-sintering the 
ceramic dielectric to the conductive composite block(s), and the thickness(es) of the 
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conductive composite block(s) are measured from the bond region with the ceramic 
dielectric in a corresponding direction, i.e., perpendicular to the bond region. The bond 
region may also be referred to by reference to interfaces, internal faces or surfaces, but it 
may be understood that these faces/surfaces are blurred, in effect, by the co-sintering of 
the green materials, as discussed further below. As thus defined, the thickness of the 
conductive composite block(s) is advantageously at least two times the thickness of the 
ceramic dielectric to provide sufficient structural support to the thin ceramic dielectric 
layer. 

[0050] The method of the present invention further provides an accurate, easy and 
inexpensive means for assembling a capacitor of the present invention. The method 
begins with all portions of the capacitor in the green state, i.e., the unfired state. One 
exemplary embodiment of the method of the present invention may be further 
understood with reference to the flowchart of FIG. 9 and the perspective view of 
FIG. 10, which depicts the assembly of green sheets of material from which a plurality 
of capacitors may be formed by dicing and firing the sheets. 

[0051] The exemplary method is described with reference to the manufacture of 
capacitor 30 of FIGS. 3 A and 3B. A green- state (unfired) ceramic sheet or tape 100 is 
provided to form the ceramic dielectric layer 32. By way of example and not limitation, 
the ceramic tape 100 may be on the order of 1-15 mils thick, and advantageously about 
1-10 mils thick, and more advantageously about 1-5 mils thick. The ceramic dielectric 
sheet 100 is placed upon a green-state (unfired) glass/metal composite sheet 110 such 
that the dimensions of the composite sheet 1 10 are substantially equal in length and 
width to the corresponding dimensions of the ceramic sheet 100, and the two sheets are 
substantially aligned. A second green- state (unfired) glass/metal composite sheet 1 12 is 
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then placed on the ceramic dielectric sheet 100, and again, the composite sheet 112 has 
dimensions substantially equal to the ceramic sheet 100 and the sheets are aligned. 
Composite sheets 110 and 112 will form the conductive composite blocks 38, 40 of 
capacitor 30, and contain sufficient metal content to render the composite conductive. 
By way of example and not limitation, the composite sheets 110, 112 may have a 
thickness on the order of 1 0-30 mils. By way of further example and not limitation, 
using 5x5x0.02 inch composite sheets, 40,000 capacitors having 20x20 mils square 
conductive composite blocks may be fabricated. 

[0052] The composite sheets 1 10, 112 with the ceramic dielectric sheet 100 
therebetween are then laminated together, such as by isostatic pressing. In one 
embodiment of the method of the present invention, the laminate is then diced into 
individual chips, by first cutting along cut lines 116, and then cutting non-parallel, and 
advantageously crosswise, along cut lines 1 18, or vice versa. The cut lines 116, 118 
may be adjusted, for example, to form square or rectangular dimensions. For example, 
the cut lines 116, 118 may be adjusted such that each composite sheet 110, 1 12 is cut to 
form 10x10 mils blocks, 20x20 mils blocks, or 30x30 mils blocks. The individual chips 
formed by dicing are then fired to sinter the glass and ceramic materials together. After 
sintering, the composite top sheet 112 forms end block 38 and composite bottom sheet 
110 forms end block 40 and the ceramic from the dielectric sheet fuses together with the 
glass in the composite sheets 110, 1 12 to create a fused structure from one layer to 
another, essentially eliminating the boundaries therebetween and instead forming bond 
regions, as shown in phantom in FIG. 3B to form a monolithic structure. Because the 
end blocks 38, 40 are conductive, the end blocks serve as the electrodes and provide the 
connection to metal surface traces 11, 12 on a pc board 10. In another embodiment of 
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the method of the present invention, the laminate is fired first before dicing into 
individual chips. The result is the same, but the means for dicing the laminate will 
differ depending on whether it is diced, then fired or fired, then diced. For example, a 
razor blade or similar means may be used for dicing the green state laminate, while a 
diamond saw may be used for dicing the fired laminate. 

[0053] In another embodiment of the method of the invention for forming the capacitor 
46 of FIGS. 4A and 4B, the method further depicted in side view in FIG. 1 1, the 
ceramic sheet 100 is placed between a plurality of composite sheets 110 and a plurality 
of composite sheets 112, which sheets 110, 1 12 are thin cast tape layers placed one on 
top of another. A plurality of metal layers or sheets 126, 128 are placed on either side of 
the composite sheets 110, 112, respectively. The layers 110, 112 adjacent the ceramic 
sheet 100 are glass/metal composites with sufficient glass content to fuse with the 
ceramic sheet 100 during the sintering step to form composite portions 52 of conductive 
blocks 48, 50. The metal content of the composite is sufficient to be conductive, and 
the metal bonds with the metal layers 126, 128, which form the metal portions 54. 
Thus, the conductive blocks 48, 50 need not have a homogeneous composition 
throughout, but need only have sufficient non-metal content adjacent the interface with 
the ceramic dielectric layer 32 to fuse together with layer 32 to form a monolithic 
structure. To state another way, there need only be sufficient non-metal content 
adjacent the ceramic dielectric layer 32 to create a strong bond region. In addition, one 
sheet or a plurality of thin sheets may be used to form the conductive composite blocks 
or to form the dielectric, as desired. For example, one 5 mils thick ceramic sheet may 
be used to form a 5 mils thick ceramic dielectric, or two such sheets may be used to 
form a 10 mils thick ceramic dielectric. 
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[0054] Variations on the above-described methods may be made, as understood by one 
skilled in the art, to fabricate the alternative embodiments described herein. For 
example, for the embodiments of FIGS. 7 and 8, one of the steps in the method of 
FIG. 9 of placing a green-state composite sheet on the ceramic dielectric sheet may be 
eliminated because only one composite block 72 is to be formed. Additionally, the 
metallization 76 may be printed on the chip after or before firing the chips. In yet 
another example, the ceramic dielectric sheet may be provided with buried electrodes 
and metal filled vias in accordance with the same or similar techniques as that set forth 
in commonly-owned, U.S. Patent No. 6,542,352 entitled CERAMIC CHIP 
CAPACITOR OF CONVENTIONAL VOLUME AND EXTERNAL FORM HAVING 
INCREASED CAPACITANCE FROM USE OF CLOSELY SPACED INTERIOR 
CONDUCTIVE PLANES RELIABLY CONNECTING TO POSITIONALLY 
TOLERANT EXTERIOR PADS THROUGH MULTIPLE REDUNDANT VIAS issued 
April 1, 2003, and incorporated by reference herein in its entirety. 

[0055] With reference to FIGS. 3 A, there is further provided a method of making a 
printed circuit board, in which a capacitor 30 of the present invention is bonded to the 
surface traces 11, 12 on a pc board 10. An external face of conductive composite end 
block 38 is bonded directly to surface trace 1 1 and an external face of conductive 
composite end block 40 is bonded directly to surface trace 12. The bonded external 
faces are substantially perpendicular to the opposing vertical surfaces 32a, 32b such that 
the ceramic dielectric layer 32 is oriented vertically with respect to the printed circuit 
board 10. Advantageously, the thickness of the conductive composite end blocks 38, 40 
is at least twice the thickness of the ceramic dielectric layer, as measured in a direction 
parallel to the surface of the printed circuit board 10. 
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[0056] While the present invention has been illustrated by the description of one or 
more embodiments thereof, and while the embodiments have been described in 
considerable detail, they are not intended to restrict or in any way limit the scope of the 
appended claims to such detail. Additional advantages and modifications will readily 
appear to those skilled in the art. The invention in its broader aspects is therefore not 
limited to the specific details, representative product and method and illustrative 
examples shown and described. Accordingly, departures may be made from such 
details without departing from the scope or spirit of the general inventive concept. 
WHAT IS CLAIMED IS: 
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